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Özet

Amaç
Fizyolojik koşullarda, normal hücreler enerjilerini sağlamak için 
başlıca glikolitik aerobik yolağı kullanırlar. Ancak, birçok kanser 
hücresi enerji üretimi için anaerobik glikolitik yolağı kullanır. Bu 
çalışmada, HL-60 akut promyelositik lösemi hücrelerinin enerji 
üretiminde karbonhidrat yolağının araştırılması amaçlanmıştır. 

Gereç ve Yöntemler
Lösemi hücreleri normal lökositler gibi aerobik ve anaerobik ko-
şullarda radyoaktif işaretlenmiş glukoz ile inkübe edildi ve gli-
kojen tüketimi, CO2 veya laktata parçalanan radyoaktif işaret-
li glukoz oranları, yani aerobik veya anaerobik glikoliz  oranla-
rı saptandı.  

Bulgular
Glikojen tüketimi aerobik lösemi hücre kültüründe normal löko-
sit hücre kültürlerindekine göre anlamlı derecede yüksek bulun-
du (P<0,01). Aerobik koşullardaki lösemi hücrelerinde anaerobik 
glikoliz oranı %93,8 di ve glikojenin kullanımı ile anaerobik ko-
şullarda  %7,31 oranında arttırılmış glikojenin kullanılmasıyla bu 
oran %96,6 ya çıkmıştır. 

Sonuç
HL-60 premyolositik lösemi hücrelerinde temel olarak anaerobik 
glikolizin enerji üretimi için daha etkin olduğu söylenebilir. Bu so-
nuç, premyolositik löseminin tedavisinde yeni tedavi yaklaşımla-
rın geliştirilmesi için daha kapsamlı çalışmalarla da desteklenir-
se önemli olabilir.
Anahtar Kelimeler
Enerji Metabolizması, HL-60 Premyolositik Lösemi Hücresi, Gli-
kojen Yıkımı.

Abstract

Aim
In physiological conditions, normal cells use mainly the glycolytic 
aerobic pathway to provide energy. However, most cancer cells 
utilize anaerobic glycolytic way for energy generation. Aim 
of this study was to investigate the carbohydrate metabolic 
pathways of HL-60 acute promyelocytic leukemia cells for 
energy production.

Material and Methods
Leukemia cells as well as normal leukocytes were incubated with 
radiolabelled glucose in aerobic and anaerobic conditions and 
glycogen consumptions and the ratios of radiolabelled glucose 
catabolized into CO2 or lactate, that is, the rates of aerobic or 
anaerobic glycolysis, were determined. 

Results
The glycogen consumption was significantly higher in aerobic 
leukemia cell culture than normal leukocyte culture (p<0.01). 
The rate of anaerobic glycolysis was 93.8% in leukemia cells in 
aerobic conditions and it increased to 96.6% while utilization of 
glycogen increased by 7.31% in anaerobic conditions. 

Conclusion
In conclusion, principally anaerobic glycolysis is effective for 
energy generation in HL-60 promyelocytic leukemia cells. This 
result may be important for the development of new therapeutic 
approaches in the treatment of promyelocytic leukemia, 
requiring further comprehensive studies.
Keywords
Energy Metabolism, HL-60 Promyelocytic Leukemia Cell, 
Glycogen Degradation.
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Mesane Tümörü ve Prostat Adenokarsinoma Birlikteliğinin Sağkalıma Etkisi  Impact of  Coexisting Bladder Tumour and Prostate Adenocarcinoma on Survival 
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Sonuç
Radikal sistoprostatektomi spesmeninde prostatın PCa 
ile tutulması yaygın bir olaydır. Bizim çalışmamızda bu 
oran %9.39 olarak bulunmuştur. �nsidental PCa’ların 
çoğu bizim çalışmamızda da olduğu gibi organa sınırlı 
durumdadır. Çalışmamızda beraberinde prostat kanseri 
olan ya da olmayan invaziv mesane tümörlü hastaların 

mesane tümörü evre, grade ve hastalığa bağlı sağkalım 
oranları benzerdi. Saptanan insidental PCa klinik önemli 
olarak değerlendirildiği zaman PSA testi postoperatif 
izlem protokolüne eklenmelidir. Bize göre radikal 
sistoprostatektomiden sonra saptanan insidental 
PCa sağkalımı etkilememektedir ve sağkalım mesane 
tümörünün prognozuna bağlıdır. 
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other chemicals used were in analytical grade. HL-
60 acute promyelocytic leukemia cells were provided 
from Memorial Sloan-Kettering Cancer Center NY, NY 
and maintained at 37 °C in the medium of 5% CO2 and 
medium of RPMI 1640 supported by fetal calf serum 
10%, 2 μM L-Glutamine, 100 μg/mL streptomycine and 
100 U/ml penicilline. A total of seven cultures from HL-
60 acute promyelocytic leukemia cells were prepared. 
For the preparation of normal leukocyte cultures blood 
sample was obtained from a healthy subject and put in 
tubes with acid-citrate-dextrose (ACD). Then leukocyte 
isolation was performed by the method described 
previously by English and Anderson [15] and a total of 
seven cultures from normal leukocytes were prepared.
Radioactive incubations and analysis of excreted end 
products
Radioactive incubations were performed by glucose in 
which sixth carbon was labelled with radioactive Carbon 
14 (D-[6-C14] glucose). Amount of labelled glucose added 
to each culture was 25μCi D-[6-C14] glucose. Before the 
incubation procedure, both the normal leukocyte cultures 
and the HL-60 cell cultures were made up to adequate 
concentrations and each cell culture was separated into 
three groups. The first one was for the aerobic culture 
the second one was for the anaerobic culture after KCN 
addition defined by Tielens [9] and the last one was for 
the determination of the initial glycogen and protein 
contents of the cells. Both aerobic and anaerobic cell 
cultures were immediately incubated with radiolabelled 
glucose for 4 hours in a specially designed chamber 
at 37 °C. The cultures which were separated for the 
determination of zero time glycogen and protein levels 
were not incubated with radiolabelled glucose. Incubated 
cell cultures which catabolize externally given radioactive 
glucose through glycolysis convert it into products 
including lactate, acetate and propionic acid. Following 
incubation, the generated radioactive CO2 was collected 
in scintillation vials via nitrogen gas. Then, the content 
was separated as supernatant and pellets. By using 
supernatant layer, end-products of glycolysis (lactate, 
acetate and piruvate) were collected in scintillation vials 
by anion-exchange chromatography, and were calculated 
on standard graphics in Microsoft Excel program.
In pellets, protein was determined by modified Lowry 
method and glycogen by Hassid and Abraham’s 
enzymatic method. Glucose in supernatant was measured 
enzymatically by glucose oxidase method. Glycogen 
consumption and CO2 production for each gram of 
protein were calculated by using data obtained by the 
measurement of glycogen and protein found in the pellets.
Statistical Analyses
Statistical analysis of the data was done with 9.0 SPSS 
Package programme for computer. Kruskal-Wallis and 
Mann Wittney U tests were used for the difference 
between groups. P<0.05 was assumed to be significant.  

Introduction
Some structural and metabolic alterations can occur 
with malign transformation of a normal living cell [1]. 
Metabolic changes may appear primarily in pathways of 
energy formation for the cell. Glucose and glutamine are 
the common sources of energy for both normal and malign 
cells [2]. 
Glycolysis and cell respiration function in both ATP 
synthesis and metabolic pathways of carbohydrates and 
other compounds. Both normal and cancer cells use similar 
metabolic pathways for energy production but in varying 
rates [3]. In 1930, it was firstly reported by the Warburg 
that anaerobic glycolysis rate was increased in cancer 
cells [4]. Some recent studies also indicated that cancer 
cells predominantly use anaerobic glycolysis rather than 
aerobic one for their energy generation but the rates differ 
[5-7]. For the increased protein synthesis and cell division, 
tumor cells function to provide energy by metabolizing the 
nutrients at an increased rate. To meet the requirements 
of increased metabolism, it may be beneficial for tumor 
cells to use the anaerobic glycolytic pathway, a quicker way 
to generate energy. But, on the other hand, they consume 
the organism’s supplies in a short period of time resulting 
in cashectia.  
The main way through which cells metabolize is mostly 
dependent on oxygen level in the medium. In the case 
of high oxygen level, glucose is catabolized via aerobic 
glycolytic pathway followed by the insertion of degradation 
products into the Krebs cycle. Then, phosphate with 
high energy is included into the electron transport chain 
resulting in energy gain [8,9]. When oxygen concentration 
is inadequate, the anaerobic glycolytic pathway, which 
is less efficient than aerobic glycolysis, is completely 
activated, and cells maintain their viabilities even under 
low oxygen conditions [8]. Depending on the oxygen level, 
the selection of either the aerobic or anaerobic pathway 
in ATP synthesis is called “Pasteur Effect” [10-14]. The 
possession of this effect by tumor cells may provide them 
to maintain their viabilities, thus may influence the success 
of the treatment with anti-neoplastic agents which block 
energy metabolism of tumor cells. So, this study aimed to 
investigate the carbohydrate metabolic pathways of HL-60 
acute promyelocytic leukemia cells for energy production, 
thus to provide appropriate selection and development 
of antineoplastic agents targeting energy metabolism of 
these cells to increase the effectiveness of the treatment.  

Material and Methods
This study was performed within the collaboration of 
Departments of “Biochemistry and Clinical Biochemistry” 
and “Internal Medicine” of Kırıkkale University School 
of Medicine and Departments of “Hematology” and 
“Biochemistry and Clinical Biochemistry” of Gulhane 
School of Medicine.
Chemicals and biomaterials
D-[6-C14] glucose was purchased from Amersham 
Company and hexokinase and glucose-6-phosphate 
dehydrogenase enzymes were from Boehringer.  All 
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Results

Table1 shows the amounts of glycogen consumption, 

labelled and total end products of glycogen metabolism, 

CO2 and lactate, and external glucose degradation as 

percentage of internal glycogen degradation in normal 

and leukemic cell lines in both aerobic and anaerobic 

media. Glycogen consumption was significantly higher 

in anaerobic leukocyte culture than aerobic one (p<0.01). 

Labelled and total amounts of end product lactate were 

higher (p<0.01 and p<0.01, respectively) and labelled and 

total amounts of end product CO2 were lower (p<0.01 and 

p<0.01, respectively) in anaerobic leukocyte culture when 

compared to aerobic one.

When aerobic HL-60 promyelocytic leukemia cell culture 

was compared with aerobic normal leukocyte culture, 

glycogen consumption was found to be significantly 

higher (p<0.01), labelled and total end product lactate 

was found to be higher (p<0.01) and labelled and total 

end product CO2 was found to be lower in leukemia cell 

culture (p<0.01). When aerobic HL-60 promyelocytic 

leukemia cell culture was compared with anaerobic 

normal leukocyte culture, glycogen consumption was 

still significantly higher (p<0.01) but both labelled end 

products lactate and CO2 were lower (p<0.01 and p<0.01, 

respectively) while both total end products lactate and 

CO2 were higher (p<0.01 and p<0.01, respectively) in 

leukemia cell culture.    

In anaerobic HL-60 promyelocytic leukemia cell culture 

glycogen consumption was significantly higher (p<0.05) 

and both labelled and total amounts of end product CO2 

were lower (p<0.01 and p<0.01, respectively) while both 

total and labelled amounts of end product lactate were 

higher (p<0.01 and p<0.01, respectively) than the ones 

in aerobic HL-60 promyelocytic leukemia cell culture. The 

findings were the same for the comparison of anaerobic 

HL-60 promyelocytic leukemia cell culture with aerobic 

and anaerobic normal leukocyte cultures.   

HL-60 Akut Lösemi Hücrelerinde Anaerob Glikoliz / Anaerobic Glycolysis in HL-60 Acute Leukemia Cells 

Glycogen 
degradation

(pmol glu/h/μg prt)

mean±SD

Labelled end-products
(pmol glu/h/μg prt)

mean±SD
CO2                     Lactate

Total end-products
(pmol glu/h/μg prt)

mean±SD
CO2                 Lactate

External glucose 
degradation

(% of internal glycogen 
degradation)

Aerobic-Leucocyte 
culture (n=7) 927±17 78.7±4.3        3 .07±0.7        4979±276       94±570 8.83±1.13

Anaerobic-Leucocyte culture 
(n=7) 1562±68 9.3±2.0           83.6±2.5        334±14        3012±204 5.94±0.79

Aerobic-HL-60 acute 
promyelocytic leukemia 
cell culture (n=7)

2660±93 5.3±1.3           81.4±2.9           342±22        5206±196 3.26±0.51

Anaerobic-HL-60 acute 
promyelocytic leukemia 
cell culture (n=7) 

2870±152 3.7±0.6         104.8±5.4          200±14        5673±261 3.78±0.64

Table 1. Utilization of glycogen and production of CO2 and lactate by normal leukocytes and HL-60 
promyelocytic leukemia cells in aerobic and anaerobic cultures. 

Discussion
In the present study analysis of excreted end-products 
demonstrated that normal leukocytes use primarily the 
aerobic glycolysis in aerobic conditions but they shift their 
energy metabolism predominately to anaerobic glycolysis 
in anaerobic conditions. The results of this study also 
indicated that HL-60 promyelocytic leukemia cells use 
primarily the anaerobic glycolytic pathway which gets 
more predominant in anaerobic conditions. 
Warburg first reported in 1930 that cancer cells possess 
anaerobic glycolysis in high rate [4]. Later on numerous 
studies were performed to investigate in details how 
carcinogenic cells use the metabolic pathways to 
generate ATP when compared to the function of original 
stem cells [16]. Indeed, the purpose of these studies was 
to develop more efficient chemotherapeutic agents. The 
findings indicated that cancer cells often use different 
metabolic ways as compared to those used by original 
cells. But, it was also found that a majority of cancer 
types use essentially anaerobic glycolysis in different 
rates, and their cell division frequency is quite high 
[17,18]. The metabolic rate of some cancer cells may 
be increased up to approximately 400 times [7]. This 
increase in metabolism also causes increases in enzyme 
activities of control points in glycolysis like hexokinase, 
phosphofructokinase and piruvate kinase [19]. Similar 
increases may also be seen in glucose carrier molecules 
[18]. Moreover, as addressed by Warburg [4], high rate 
of anaerobic glycolysis might not be associated with all 
types of cancer cells and a rather low cell division rate with 
a normal glycolysis could be seen in some cancer types 
like Morris hepatoma [20, 21]. The rates of metabolic 
pathways the cells use can be different although they 
function on some common ways in principal. 
Oxygen level and nutrient concentration are normally 
the main biological indicators which determine the exact 
metabolic pathway the cell can use to obtain ATP [8]. The 
main advantage of the use of anaerobic glycolysis with 
respect to tumor cell is to obtain ATP easier but it is an 
ineffective pathway. While 36-38 moles of ATP per mole 
of glucose are obtained through aerobic glycolysis only 2 
moles of ATP per mole of glucose are obtained through 
anaerobic glycolysis. Therefore 19 times more substrate 

is utilized in anaerobic glycolysis 
to obtain the same amount of 
ATP obtained through aerobic 
glycolysis. 
The conversion of the 
metabolism of normal or cancer 
cells from aerobic glycolysis into 
anaerobic glycolysis in reduced 
level of ambient oxygen, the 
so called Pasteur Effect, can 
accelerate the consumption of 
glycogen and lipid stores [22, 
23]. Moreover, as a result of this 
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alteration, the effect of chemotherapy used to regulate 
the energy metabolism of cancer cells remains limited 
[24-26]. 
In our study, as it was reflected by the level of radiolabelled 
end product CO2 aerobic glycolysis was the predominant 
way of metabolism (96%) in aerobic leukocyte culture. 
But in anaerobic media leukocytes shifted their energy 
to mainly anaerobic glycolysis (90%) with an increase in 
consumption of glycogen by 73.8%, showing prominent 
Pasteur Effect. The ratios of radiolabelled glucose 
catabolized into CO2  or lactate, that is, the rates it was 
directed to either anaerobic or aerobic way were also 
investigated on aerobic HL-60 leukemia cell line and 
significant differences were found when compared to 
anaerobic and aerobic control leukocyte cultures. The rate 
of aerobic glycolysis was only 6.2% in aerobic conditions 
that is the main way of glycolysis was anaerobic (93.8%) 
in HL-60 promyelocytic leukemia cells.  The level of 

anaerobic glycolysis increased to 96.6%, and utilization 

of glycogen increased by 7.31%, when oxygen use of HL-

60 promyelocytic leukemia cells was inhibited by KCN.

These results indicate that HL-60 acute promyelocytic 

leukemia cells metabolize glucose prominently through 

the anaerobic glycolysis and endogenous glycogen 

degradation is the main pathway for energy generation. 

These results also indicate that the Pasteur Effect is also 

validated in HL-60 promyelocytic leukemia cells.

In conclusion, it is evident that principally anaerobic 

glycolysis is effective for energy generation in HL-60 

promyelocytic leukemia cells in aerobic conditions. On 

the other hand, the rate of anaerobic glycolysis gets 

more prominent in anaerobic conditions. This result may 

be important for the development of new therapeutic 

approaches in the treatment of acute promyelocytic 

leukemia, requiring further comprehensive studies.


